Patterns of Etruscan Urbanism by Stoddart, Simon et al.
ORIGINAL RESEARCH
published: 02 September 2020
doi: 10.3389/fdigh.2020.00001
Frontiers in Digital Humanities | www.frontiersin.org 1 September 2020 | Volume 7 | Article 1
Edited by:
Francesca Fulminante,
University of Bristol, United Kingdom
Reviewed by:
Ioanna N. Koukouni,
Independent Researcher,
Athens, Greece
Franco Cambi,
University of Siena, Italy
*Correspondence:
Simon Stoddart
ss16@cam.ac.uk
†These authors have contributed
equally to this work
Specialty section:
This article was submitted to
Digital Archaeology,
a section of the journal
Frontiers in Digital Humanities
Received: 15 January 2019
Accepted: 05 June 2020
Published: 02 September 2020
Citation:
Stoddart S, Palmisano A,
Redhouse D, Barker G, di Paola G,
Motta L, Rasmussen T, Samuels T and
Witcher R (2020) Patterns of Etruscan
Urbanism. Front. Digit. Humanit. 7:1.
doi: 10.3389/fdigh.2020.00001
Patterns of Etruscan Urbanism
Simon Stoddart 1*†, Alessio Palmisano 2†, David Redhouse 3, Graeme Barker 1,
Giorgia di Paola 4, Laura Motta 5, Tom Rasmussen 6, Troy Samuels 5 and Robert Witcher 7
1McDonald Institute, University of Cambridge, Cambridge, United Kingdom, 2Department of Ancient History, LMU Munich,
Munich, Germany, 3Department of Archaeology, University of Cambridge, Cambridge, United Kingdom, 4 Soprintendenza
Archeologia, Belle Arti e Paesaggio per le Province di Caserta e Benevento, Caserta, Italy, 5 Kelsey Museum, University of
Michigan, Ann Arbor, MI, United States, 6 School of Arts, Languages, and Cultures, University of Manchester, Manchester,
United Kingdom, 7Department of Archaeology, University of Durham, Durham, United Kingdom
This paper examines the patterns of Etruscan urbanism by the innovative use of newly
available rural data, employing rank size, and indices of centralization. The detailed
case study looks at the development of urbanism of pre-Roman Etruria where both
robust and delicate urbanism were present alongside one another. To achieve this end,
the paper will draw on the complementary features of two recent articles—Redhouse
and Stoddart (2011) and Palmisano et al. (2018)—to provide a synthesis that both
examines the large places and the supporting rural settlement. The territorial boundaries
of the major urban places were predicted by the XTENT model in the first article. The
cumulative numbers of rural settlement (and other proxies of population) over time were
examined in the second article. This paper will look at the regional variation in landscape
organization within the predicted territorial boundaries of the major robust centres and
the more delicate transitory centres, as well as the buffer zones in between. At least
three phases of boundary development can be examined, equivalent broadly to the Iron
Age, Orientalizing/Archaic and Post Archaic periods, seeking to match these with the
correspondingly dated rural settlement. The results will be critically examined in terms of
broader knowledge of the economic and political development from current fieldwork in
Etruria. The ethnographic analysis of Kopytoff (1989) will also be applied to assess the
application of the internal African frontier to the central Italian context. In this way, the
quantitative will be matched with the qualitative to provide a deeper understanding of
urban development in an under-assessed example within the Mediterranean world.
Keywords: urban—rural, urban development, Etruria, Mediterranean, city
INTRODUCTION
Background
The Etruscan settlement pattern analyzed here belonged to rich communities living in
an area generally defined as Tyrrhenian central Italy during the first millennium BC.
These were the communities that competed with the Latins to the south of the Tiber,
and were later absorbed into the Roman empire (Figure 1A). That means that they lived
principally between the river Arno to the north at 44◦ North, the river Tiber to the
south at 40◦ North and toward the south east, and the Mediterranean to the west.
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FIGURE 1 | (A) Map illustrating the location of Etruria and the places and regions mentioned in the text. (B) The region of Etruria, showing the survey zones and the
recovered rural settlement. The numbered surveys are indicated as follows: (1) Neppi Modona (1953); (2) Perazzi and Poggesi (2011); (3) Chellini (2012); (4) Valenti
(1999); (5) Valenti (1995); (6) unpublished, courtesy of Di Paola; (7) Cucini (1985); (8) Curri (1978); (9) Campana (2001); (10) Cenni (2010); (11) Felici (2012); (12)
Campana (2013); (13) Felici (2004); (14) Paolucci and Francovich (2007); (15) Botarelli (2004); (16) Cambi (1996); (17) Carandini et al. (2002); (18) Quilici Gigli (1970);
(19) unpublished, courtesy of (Barker and Rasmussen, 1998); (20) Corsi (2000); (21) Nardi (1980); (22) Quilici Gigli (1976); (23) Hemphill (2000); (24) Andreussi (1977);
(25) Morselli (1980); (26) Rajala (2013); (27) Gianfrotta (1972); (28) Enei (2001); (29) Tartara (1999); (30) Verga (2006); (31) Muzzioli (1980); (32) Patterson et al. (2020).
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At the beginning of the Early Iron Age (1,020–900 BC), small
dispersed sites (ca. 2–3 ha, up to 15 ha) often on tuff outcrops
were abandoned and new large proto-urban centres on larger
plateaux (ca. 50–185 ha) were occupied (Guidi, 1989, 2010;
Pacciarelli, 2000; Peroni, 2000; Bonghi Jovino, 2005; Milletti
et al., 2010; Fulminante, 2014, p. 44–47; Alessandri, 2015, 2016;
Stoddart, 2016). In the Late Iron Age/Orientalizing (750/725–
580 BC) and Archaic periods (580–480 BC), the settlements
reached full urbanization and the political landscape was divided
into several competing city-states distributed at an average radial
distance of 15–25 km, accompanied by increased intensity of
rural settlement.
The position of Etruria in the central Mediterranean gave
these communities privileged access to the efficiencies of
maritime transport and trade, once technological advances in
shipping had reduced the risks of sea travel to a level that
granted these communities considerable advantage. The benefit
of communication was enhanced by access to at least four
significant rivers penetrating into the intermontane valleys of the
foothills of the Apennines: the Tiber, the Arno, the Ombrone,
and the Albegna. These rivers assisted the extraction of resources
from the mountainous uplands of the Apennines, providing a
complementarity between the fertile volcanic agricultural soils
and metal resources of the relative lowlands and the pastoral
zones of the uplands. In this way, geopolitics underlay the
landscape configuration of the Etruscans and this paper explores
and extends that logic.
The distinctive urban culture of the Etruscans has long been
known as an elite strategy, understood through material culture,
particularly the study of pottery, and larger scale visual culture
(Stoddart, 2020a). This is the rich analysis undertaken by a
series of distinguished authors (e.g., Ampolo, 1980; Bettelli, 1997;
Bartoloni, 2003; Smith, 2014; and many others), but that is not
our approach here. The underlying settlement structure that
supported this urban culture has been less explored, in spite of
the considerable potential availability of settlement data from the
study of cities and cemeteries since the nineteenth century, and
from regional landscape survey concentrated in the second half
of the twentieth century.
More recently, the synthesis of the promising urban landscape
data has been made possible by a series of converging factors:
a strong survey tradition, the provision of raw data from these
surveys and the modeling of city territories. Early steps before the
fully digital age (Stoddart, 1987; Rendeli, 1993; Pacciarelli, 2000;
Cifani, 2003) have provided a foundation for the full assembly
of published survey data (Palmisano et al., 2017, 2018), now for
the first time combined with four other prominent systematically
collected survey data: Cecina valley (Samuels and Terrenato,
unpublished data), Populonia (Di Paola, 2018), Tuscania (Barker
and Rasmussen, 1998), and the Tiber Valley Project [British
School at Rome, Patterson et al. (2020)] yet to be fully published.
Whereas, syntheses have been assembled and interpreted for
the subsequent Roman period (e.g., Patterson, 1987; Launaro,
2011; Sewell and Witcher, 2015), the same analysis has never
been achieved for the formative Etruscan phase and this is the
focus of the current urban analysis, one that deserves comparison
with many other classic case studies of state formation in the
ancient world.
The study of the apparently dominant centres of power
(Redhouse and Stoddart, 2011; Stoddart, 2020b) and their
implications for the differential organization of the countryside
has already been achieved. For this preceding study, we have what
amounts to a nearly complete sample, since no sampling strategy
can easily ignore the major urban foci surrounded by their
cemeteries (Dennis, 1848). However, even here some caution
should be observed about the completeness of archaeological
samples, since some very large urban centres have been
discovered in relatively recent times: e.g., Doganella (Perkins and
Walker, 1990), Marsiliana d’Albegna (Zifferero, 2010), Gonfienti
(Poggesi et al., 2005). Inevitably, some characteristics of this
sample are open to debate, including even basic features such as
size, internal density and thus population, but we do have a fairly
complete data set of settlements larger than 10 ha.
What has never been achieved before is to combine these
powerful places with the rural settlement from their territories.
These amount to 1894 sites dating from the ninth to the
fifth century BC, uncovered by systematic field survey. The
combination of these two data sets provides an innovative
comparison of the strategies of the individual urban centres. This,
in turn, provides the living backdrop to, and infrastructure for,
the different urban cultures which have been known for a much
longer period, as first recognized by Banti (1960). In spite of the
relatively large data set, as we discuss further below, we do not
have anything that can be characterized as a complete sample,
and the source criticism of any such archaeological data set is an
important prererequisite before drawing any sound conclusions.
The careful characterization of these data nevertheless allows
new interpretations of the multiple strategies employed by the
citizens of urban Etruria. The urban centres were in broad
equilibrium until the sack of Veio and the arrival of Rome,
but they varied considerably in size of centre, size of territory,
and density of occupation of the landscape. One important
outcome is to be able to outline the dynamism of the urban
landscape. The central points of the landscape were generally
long-lasting (“robust”; cf. Stoddart, 2016), but as these central
points strengthened they prevailed over frontier areas that were
more delicate in their organization. This robust urbanism is
based on urban centres which endured for at least 400 or 500
years. This is an urbanism with well-defined practices, often
institutions, which passed on authority and power from one
generation to the next beyond the memory and charisma of
the individual, apparently without repeated crisis. In contrast,
we can observe what Stoddart has termed “delicate” urbanism
(Stoddart, 2017), involving short-lived urban centres which lasted
little more than a few generations and perhaps lacked well-
rehearsed practices for passing on power and authority or, if
attempting to develop comparable practices, were caught in a
geopolitical trap, pressured by their nearest large neighbours.
Such delicate urban centres may be relatively substantial, but the
nucleated populations dispersed after relatively short periods of
few hundred years. In Etruria, both forms—robust and delicate—
were, for a time, contiguous, and direct comparison between
them can be made within a broadly similar cultural landscape.
In this paper, our analysis has been achieved by combining
several techniques in combination as explained in more detail
below. First, hypothesized territories have been defined for
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the major urban centres using the mathematical modeling
of XTENT (Renfrew and Level, 1979) sensitized to the
physiography of the landscape (Redhouse and Stoddart, 2011;
Stoddart, 2020b). Secondly, the rural settlement has been
allocated to these territories and the degree of hierarchization,
centralization, and density of settlement assessed quantitatively.
Three broad chronological phases of boundary development will
be examined, equivalent broadly to the Iron Age/Orientalizing
(ca. 1,020/1,000–580 BC), Archaic (ca. 580–480 BC), and Post-
Archaic (ca. 480–350 BC) periods, seeking to match these
with the correspondingly dated rural settlement. These time
frames have been chosen because they reflect the level of
accuracy of datable surface material—mainly pottery collected
from the ploughsoil by different survey projects—although they
are of unequal length. The results show the multiple strategies
employed by the agents of urbanism in Etruria.
The Archaeological Data and Case Study
The high intensity of field archaeological investigation (e.g.,
excavations, surveys) in a relatively dry arable landscape makes
central Italy an excellent case study for assessing demographic
trends (Barker, 1988; Potter and Stoddart, 2001; Stoddart, 2007),
and the first millennium BC which forms the focus of this study
has a consistency of recovery only exceeded by the Roman period.
For many years, these projects have remained separate datasets.
This situation changed when Palmisano et al. (2018) collected a
comprehensive dataset of archaeological sites in central Italy. For
this, they conducted a comprehensive review and harmonization
of settlement data from archaeological survey reports covering
an overall extent of ca. 10,000 sq. km and a chronological scope
spanning from the Late Mesolithic to the fall of the Roman
Empire (ca. 8000 BC–500 AD).
For the current exercise in the restricted period (first
millennium BC) and region (Tyrrhenian central Italy), this data
set has been augmented by the inclusion of new data from
published sources and four important unpublished data sets
kindly made available for this publication leading to a final total
of 549 Iron Age/Orientalizing, 1,248 Archaic sites, and 914 Post-
Archaic sites. Settlement data were recorded as georeferenced
points (unprojected WGS84). In the present paper, the term
“site” refers only to those places identified as dwelling places by
excluding cemeteries, temporary activity areas (e.g., campsites)
and industrial zones (e.g., mines). One major new set, that of
Veio (Tiber Valley Project), lacks the systematic measurement
of size and therefore the new data cannot be included in the
full set of analyses. We remain dependent on a smaller set of
size data from this territory (Rajala, 2013). Further work could
also be undertaken on local publications particularly those of
local groups, the grey literature of the Superintendencies and by
including the well researched, empty, parts of landscape (e.g.,
Ceccarelli and Stoddart, in press), but this data set nevertheless
comprises the most complete data set yet assembled of Etruscan
rural data. The archaeological settlement data used in this paper
are presented spatially in Figure 1B.
These data sets must necessarily be approached with caution
since they conceal multiple methodological strategies for the
recovery of archaeological material with varying levels of
interest, knowledge and specialization and differing local site
formation processes. These issues have been extensively studied
by fieldworkers (di Gennaro and Stoddart, 1982; Stoddart and
Whitehead, 1991; Terrenato, 1996; Bintliff and Sbonias, 1999;
Francovich et al., 2000; Mattingly, 2000), but will not be deeply
analyzed here. We nevertheless maintain that the large size of
the data set does enable the detection of trends even at the more
localized level of comparing different territories.
The most important differences to be noted are the degree
to which individual city territories have been comprehensively
covered by survey. It is rare to find a strategy of 100% coverage
for all sorts of practical reasons. Veio, Nepi, and Murlo stand out
for their more comprehensive coverage, which is substantially
complete. The coverage around Cerveteri, Tuscania, Marsiliana
d’Albegna, Doganella, and Chiusi is extensive, but incomplete,
often structured by the choice of survey area and project
sampling and collection strategies, matters explicitly set out in
the survey reports. Other urban centres such as Acquarossa,
Populonia, Vetulonia, and Fiesole have less detailed coverage,
often built up from many sources of information.
METHODS FOR DEFINING TERRITORIES,
SETTLEMENT HIERARCHIES, AND
REGIONAL CENTRALIZATION
XTENT Model
As outlined in the 2011 paper (Redhouse and Stoddart, 2011),
the XTENT model was devised by Renfrew and Level (1979)
to overcome a number of simplifications faced by the Thiessen
(1911) polygon or Voronoi polygon analysis used in the original
Early State Module (ESM) analysis of Renfrew (1975). The
main simplification is that the original ESM analysis divided
up territory equally between centres regardless of size or of
any physical barriers in the landscape. Instead, XTENT is based
on the simple assumption that territorial extents are related
both to the size and the distance between urban centres. In
particular, the influence exerted by a centre on a specific location
of the landscape can be modeled according to the relative size
of that centre and its distance away from that given location.
Therefore, this technique permits the prediction of buffer zones
of unallocated political space that can be detected cross-culturally
in developing political landscapes (cf. Marcus and Feinman,
1998). In the present analysis, the calculation of the territorial
extent is measured against the “friction” of the physiography of
the landscape by introducing a Digital Elevation Model (DEM)
into the equation (cf. Ducke and Kroefges, 2008; Bevan, 2010). In
this way, the formula of XTENT is contextualized to the specific
physical environment.
In the particular case of Etruria (Figure 2), the methodology
executed was as follows. Within the boundaries of the sea
and the River Tiber (an important cultural boundary), political
boundaries were calculated in all directions from each major
primate centre using the following mathematical reasoning:
I = f(C)− k·d(I≥ 0)
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FIGURE 2 | The open access rural data inserted into the territorial landscape defined by XTENT. (A) Iron Age/Orientalizing data. (B) Archaic data. (C) Post-Archaic
data.
Where I is a measure of influence at a given location, C is a
measure of size of the centre, d is a measure of distance from the
centre, and k is a constant. A centre C1 will dominate a centre C2
if I1 > I2 at C2, that is if:
f(C1)− f(C2) > k·d 1,2
The constant k, representing the fall-off of influence was,
following Renfrew and Level (1979), investigated empirically,
using their suggestions and previous experience with the
technique. In the original unpublished analyses by Harrison and
Stoddart, the Distance d wasmeasured as a simple linear distance.
In the revised analysis, the distance was transformed to register
travel time by taking into account varieties of terrain.
The first equation can in that case be written as:
I = f(C)− k·d·w(I≥ 0)
Where w represents a transformation to take account of varieties
of terrain. Implementing this model requires the following:
1. A tool that will determine the cost of traveling from a site to
any point within the area of interest, in other words a routine
for calculating d× w
2. A tool that will calculate the value of I, based on the value of d
× w
3. A tool that will determine based upon the above, for a group
of sites, which has the greatest I at a given point.
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The ArcInfo GRID function pathdistance() (Environmental
Systems Research Institute, 2001) calculates a least-accumulated
cost model accounting for surveyor’s distance and horizontal and
vertical cost factors. This provides us with, for a given location
within the area of interest, the value of d × w with respect to
a particular site. Simple map algebra within GRID permits the
calculation of I at all locations within the area of interest, for a
given site. The ArcInfo GRID function upos() (Environmental
Systems Research Institute, 2001) generates from a set of input
grids an output indicating which grid has the highest value
at a given location. The procedure requires as inputs a list of
archaeological sites with co-ordinates, site names, site sizes (C),
and a DEM. A least-accumulated cost model, in the form of a
grid extending to the limits of the area of interest, is generated for
each archaeological site. The influence I for each site is calculated
using the least-accumulated cost models. A grid covering the area
of interest with all cells= 0 is also generated. The grids containing
I for each site, and the grid consisting entirely of zeroes are used
as inputs to the upos() function.
The resulting output records the site with the greatest value of
I at each location, or zero if all of the sites have a negative I at
a particular location. The least-accumulated cost model does not
presently incorporate any consideration of rivers, lakes, and the
coast. The least-accumulated cost model only considers the cost
of traveling away from an archaeological site. It should also be
recognized that the resolution of the DEMwas only 80m. Further
development of the model could take these factors into account.
Nevertheless, we think that this resolution works reasonably well
at the regional scale of analysis.
In the present exercise, the latitude and longitude were
established using the Getty Thesaurus of Geographic Names
Online or calculated at an appropriate level of precision from a
map. As Etruscan specialists will know, there is much controversy
considering the values of site sizes for Etruscan andUmbrian sites
founded in the period 900–600 BC, since many of the estimates
are based merely on topographic location. Where possible, the
starting nucleation point in the Iron Age was taken, drawing
on Pacciarelli (2000) for up-to-date consideration of this issue.
Comparison was also made with the two main rank size studies
of Etruria (Judson and Hemphill, 1981; Guidi, 1985) and, where
information was still not forthcoming, the estimates provided
by Mansuelli (1985). These estimates still left considerable gaps,
and estimates have been made for Murlo, Pisa, Gubbio, Assisi,
Città di Castello, Spoleto, and Todi based on personal experience.
Given the fieldwork strategy at Murlo and the heavily wooded
terrain it is difficult to be more precise. The estimate for
Pisa recognizes the considerable fieldwork undertaken there in
recent years, although it is very difficult to be precise about
site size. The estimate for Chiusi has increased in recent years
and the figure employed here is a compromise figure to reflect
the greater understanding of its earlier history, including its
polyfocality, than was understood before. The Umbrian site
territories are of repeatedly similar size in lake basin catchments
so the estimates give a reasonable illustration of the settlement
process. The nature of the primate organization of Etruscan
settlement permits the analysis of relatively small number of sites
since these were generally dominant in their landscape, and the
results would not have been affected by the introduction of the
rural sites now available. However, there are some sites which
could be included in further work, including Gualdo Tadino
and Colfiorito on the Apennine margins, and, more importantly,
Amelia and Terni in southern Umbria. One great advantage
of XTENT is that the mapping can be repeated using different
values to explore the consequences, and clearly the results of
these changed values should be implemented in future work.
These sizes were assimilated with those provided by Palmisano
et al. (2017, 2018) and combined with the four unpublished data
sets, and the data deployed are included as supplementary on-
line open access information (where the contributing authors are
ready to release them).
In any spatial analysis, boundary issues are a key
consideration. The area of study was defined by the Tyrrhenian
sea to the west, and the Apennines to the north and the east. To
the south, the Tiber was taken as the key cultural boundary, and
thus the effect of Latin and Sabine centres was not considered.
Equally as already mentioned above, southern Umbria was only
partly included in the analysis and the centres of Terni, Amelia,
Narni, and Otricoli have not been included, but their presence
has been predicted by the XTENT results as a political vacuum,
filled by Veio in their absence. After these decisions, the area of
interest for the purpose of the XTENT analysis was defined by
buffering the sites at 2 × the mean nearest neighbour distance
and then clipping this polygon with the Italian coastline and the
course of the Tiber. The DEM was created by obtaining elevation
data from the Shuttle Radar Topography Mission (Rosen et al.,
2000) transforming it to a Transverse Mercator projection
re-projecting it in point form to IT_ED50/UTM, and then
generating an elevation model using topogrid (Environmental
Systems Research Institute, 2001). The energy-cost model was
based upon the measurements of the cost of traversing slopes by
Minetti et al. (2002).
Rank-Size Analysis
The classic geographical approach to rank size is to plot the
rank of sites against their size on logarithmic axes. Modern
urban geographers noted that in well-developed urban systems
this produced a straight (or lognormal) line, following the so-
called rank size or lognormal rule where the second ranked
site was half the size of the largest, the third ranked sites was
one third the size of the largest, and so on (cf. Auerbach,
1913; Zipf, 1949). This simple observation has gradually
attracted both interpretations and quantification. Interpretation
has emphasized the tendency of mature urban systems toward
the lognormal (Savage, 1997; Cristelli et al., 2012; Fulminante,
2014; Jiang et al., 2015). Rank-size graphs are plotted on a
logarithmic scale and the Zipf ’s Law appears as a straight
line from the upper left to the lower right corner of the plot
(Figure 3AA). Settlement size distributions of archaeological
sites rarely conform to the Zipf ’s Law and they can be
shallower (convex distribution, Figure 3AB) or steeper (primate
distribution, Figure 3AC). Heavily centralized urban systems,
characterized by one or very few large centres and many
smaller settlements, are considered primate (Johnson, 1977;
Paynter, 1982; Ades and Glaeser, 1995; Falconer and Savage,
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FIGURE 3 | (A) Different types of Rank size curve. (A) Log normal Zipfian. (B)
Convex. (C) Primate. (D) Primo convex. (B) Areas in a rank-size graph used as
positive (A1) and negative (A2) components of the coefficient A. The red
dashed line indicates the Zipf-Law.
1995, p. 40; Drennan and Peterson, 2004). Less centralized
systems, generally prior to urbanism, are described as convex
and show settlements of equal size (Johnson, 1980; Paynter,
1982; Peterson and Drennan, 2011; Crema, 2013, 2014; Duffy,
2015). Besides, convex distributions can be the results of pulling
two or more settlement systems of independent communities
within the same spatial window of analysis (Johnson, 1977;
Palmisano, 2017). The primo-convex distribution (Figures 3AD)
could, instead, indicate the co-presence of a strongly centralized
settlement system (primate distribution) imposed on a loosely
integrated one (Johnson, 1977, 1980; Falconer and Savage, 1995,
p. 41).
Moreover, one very real problem of rank size analysis is
that its results are profoundly affected by the boundaries of the
system under analysis. This is a problem in archaeology because
it is impossible to define the exact boundaries of a past polity
or settlement system. In addition, the spatial scale of analysis
affects the results in different settlement size distributions (cf.
Drennan and Peterson, 2004, p. 535–539; Palmisano, 2017).
Hence, we deploy XTENT as one solution to this problem, since
XTENT defines themajor, most probably politically independent,
nucleations in any given landscape, and provides territories for
them by following clearly specified principles.
One of the most useful aspects of the rank size analysis is as
a measure of centralization, and a series of quantitative measures
have been developed byDrennan and Peterson (2004) to establish
indices of centralization and the degree of significance, an update
on the earlier statistical Rank Size Index (RSI) (Johnson, 1981).
They propose an A-coefficient, which calculates the proportion
of the area between the Zipf ’s Law line and the observed rank-
size curves (see also Crema, 2013, 2014; Palmisano, 2017 for the
application of this method; Figure 3B). Hence, the area above
and below the Zipf ’s Lawwill have, respectively, positive (A1) and
negative (A2) values (Figure 3B). The maximum value for A1 is
by definition 1, while A2 could exceed −1 for strongly primate
systems where one or more observed settlements are smaller than
the expected smallest settlement predicted by the Zipf ’s Law. As
a result, convex curves will show positive A-coefficient values,
while primate patterns negative values. In addition, a bootstrap
method has been enabled to test the statistical significance of
the A values (cf. Drennan and Peterson, 2004, p. 539–543). This
technique calculates the 95% confidence interval of A values
by resampling with replacement the observed settlement sizes
with 1,000 samples randomly selected. By way of illustration,
the rank-size of a putative XTENT-defined territory with 20 sites
would be repeated with 1,000 random samples of 20 sites that
can be compared with the observed original dataset. In this way,
alternative patterns can be tested against the observed patterns. In
each graph, the simulated samples (grey lines) are plotted against
the observed patterns (dark line), such that a narrower envelope
emerges for more certain outcomes and a wider envelope for less
certain outcomes.
Measuring Centralization
A further analysis for measuring regional centralization consists
of calculating the proportion of the total population within
each concentric ring (or “donut”) radiating from a given urban
centre. This exercise allows the calculation of the B-coefficient
(see Drennan and Peterson, 2008), where the B value ranges
between 0 and 1 (0 = no centralization at all; 1 = maximum
centralization). The B-coefficient is calculated as follows. First,
the territory of a given polity is divided into 10 concentric rings
moving away from a given urban centre at a fixed distance of 1 km
between rings. In the strongest possible centralized scenario, the
innermost ring would contain the 100% of population (or the
total estimated settlement’s size) and the sum of the cumulative
proportions would be 100 × 10 (n. of rings) = 1,000. In a
non-centralized settlement system, the population would be
distributed evenly and each ring would contain the 10% of the
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polity’s population (or total estimated size) and the sum of the
cumulative proportion would be 550 (= 10+ 20+ 30+ 40 and so
on). The difference between the sum of cumulative proportions
with maximum centralization (1,000) and no centralization at
all (550) by using 10 concentric rings is 450. Therefore, the B-
coefficient is calculated by subtracting 550 to the sum of the
observed cumulative proportion and dividing the remainder
by 450.
We used the R free software environment (version 3.6.1)
for performing the rank-size analysis and measuring regional
centralization (see Appendix A).
RESULTS
Mapping the ESM Model
One of the predictions of the ESM model is that Voronoi [or
Thiessen (1911)] polygons might represent the territories of the
individual centres, and that an area of 1,500 sq km would be a
likely surface area of individual territories (or polities in later
literature). As a first step toward the analysis, the areas of the
territory of individual centres were calculated on this basis in
the 2011 article. The size of the territories relates to the level of
packing (space for territory) in the landscape. As a consequence,
in South Etruria, very few centres reach the 1,500 sq km
threshold. Of the two that do, Veio is very understandable, but the
power of Civita Castellana (Falerii Veteres) is greatly increased
compared with expectations (although rivals such as Nepi and
Narce were not included in this analysis). In North Etruria,
the more spacious conditions permit seven out of 11 centres to
achieve the predicted territory size. However, although Volterra’s
status is quite understandable, the role of Fiesole, Murlo, and Pisa
was greatly increased compared with expectations. Interestingly
it is the Umbrian fringe that conforms most consistently to
the predictions, because it is here that equal spacing is most
consistently followed in a sequence of lake basins. The match
would probably be even better if Gualdo Tadino and Terni were
brought into consideration (with a corresponding decrease in the
area of Gubbio and Spoleto).
Presentation of the XTENT Results
For the comparative and heuristic purposes, we outline here
the essence of the original 2011 article (Redhouse and Stoddart,
2011). Renfrew and Level argue that variations in the constant
value k permit the mimicking of the developing political
landscape and this principle was applied to Etruria. In this
analysis nine values of k (0.1, 0.08, 0.07, 0.055, 0.03, 0.02,
0.018, 0.016, and 0.014) were applied while holding the f(C)
constant at 0.5. For simplicity, three values of k (0.055, 0.03,
and 0.016) are again presented here, although the full plots are
presented elsewhere (Stoddart, 2020b). Higher values present
very small territories. Lower values present the collapse of
the political structure of the landscape, ominously suggesting
the encroachment of power from the south by Rome, here
represented by Veio, since Rome is not considered in the present
exercise, and, if included, its size would have presented an even
greater threat under the conditions of the XTENT model.
The complete sequence of three “phases” (Figures 2A–C)
shows a number of interesting developments: the emergence
of corridors of political vacuum, often anchored on river
valleys, lakes, and prominent mountains; the survival of key
intermediate-sized centres in the interstices between the major
centres; a more rapidly maturing political landscape in the south
of Etruria compared with the more widely spaced north; and
a contrast between the developing disparities of territory size
in the south and the regularities of territory size in the inner
parts of Etruria and Umbria. For prehistorians, it is also useful
to note that the independence of these large primate centres
can be predicted from the use of XTENT without any resort to
literary sources (cf. Spivey and Stoddart, 1990). For the purposes
of the analysis in the present paper, the Iron Age/Orientalizing is
hypothesized to match K = 0.055, the Archaic K = 0.03, and the
Post-Archaic K = 0.016 (see Figure 2).
Under this analysis, the individual territories of Etruria
and Umbria present some strikingly different trajectories. In
South Etruria, three megacentres (Veio, Orvieto, and Vulci)
present expansionist trajectories, although only Veio appears
unstoppable in its development. History, of course, checked this
occurrence by action from south of the Tiber, in the form of
Rome. The territorial development of Tarquinia, and even to a
greater extent of Cerveteri, was checked by enclosing polities. The
check was such that Cerveteri could not achieve the 1,500 sq. km
threshold unlike all the other large centres. Finally, three centres,
Acquarossa, Civita Castellana, and Bisenzio were eliminated by
their larger rivals during the Archaic (ca. 680–480 BC) and Post-
Archaic (ca. 480–350 BC) periods. Of these predictions only that
of Civita Castellana is controversial and is discussed more below.
The contrast between the life histories of different centres and
their accompanying territories is made explicit by the different
developments of Acquarossa and Veio.
In North Etruria, long term development is dominated by the
expansion of Volterra, unrivaled in its control of the hinterland
of North Etruria and able to penetrate to the sea through
the Arno valley during the Archaic and Post-Archaic periods
(Figures 2B,C). Five other centres (Chiusi, Vetulonia, Populonia,
Arezzo, and Fiesole) conform very well to the ESM predictions,
and indeed enter some form of equilibrium just above the 1,500
sq. km level. Four other centres (Murlo, Roselle, Cortona, and
Pisa) were eliminated or squeezed from the political landscape.
Of these results that of Roselle is the most controversial and
discussed more below. The contrast in trajectories is made
clearest by comparing Chiusi’s expansion with Murlo’s decline
during the Archaic and Post-Archaic periods. In eastern Etruria
and Umbria, there is much more of an equilibrium. Five out of
the six centres settle at a level in the region below the 1,500 sq km
prediction of the ESM model, although there is some variation
between Assisi, hemmed in by rival polities, and Gubbio with less
marked constraints. The only centre whose demise is predicted
is that of Todi under pressure from Orvieto from the east. An
interesting contrast is visible in the development of Gubbio and
Perugia. Perugia’s territorial development is forced into a plateau,
restrained by the packed nature of her political environment.
Gubbio, still one of the largest modern local government districts
today, had greater freedom to expand, only limited by the
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Apennines to the north and east (although Gualdo Tadino to the
east was not considered in this analysis and may have provided
check in this direction).
A more detailed analysis of the plot produced by the k
= 0.03 (Figure 2B) value demonstrates the potential of the
integration of XTENT as a heuristic technique for confronting
archaeological and historical information. It is the errors as
much as the predictions that are insightful. A brief analysis
of the landscape from south to north reveals the following
observations which build on an earlier analysis (Stoddart, 1990;
Redhouse and Stoddart, 2011). The technique suggests that
Veio is cut off from the sea by the territory of Cerveteri
and that the Faliscan territory is taken over by Veio to the
north during the Archaic Period (ca. 580–480 BC). These are
both widely debated political issues. Some authors emphasize
the overwhelming power of Veio (di Gennaro and Schiappelli,
2004; Cifani, 2005) whereas others prefer to emphasize the
independent identity of the Faliscan territory (Colonna, 1990).
This is a debate between demographic and spatial logic, and
cultural and historical tradition. Further north, the patterns make
good, and uncontroversial, geographical, and historical sense.
The territory of Tarquinia neatly fits the catchment of the Marta
river and is restricted by the medium-sized centres of Bisenzio
and Acquarossa in the hinterland. The territory of Vulci has
encroached on the Albegna valley to the north west, and is
restricted by the medium-sized centre of Bisenzio and the high
ground ofMonte Amiata. This territory adjoins the border region
of the Albegna valley which was a zone of instability in the early
development of the Etruscan landscape, a point noted by the
presence of unallocated political corridor when higher k values
of XTENT are applied. It is in this corridor that, first a series of
small unstable settlements—e.g., Marsiliana d’Albegna (Zifferero,
2010)—developed, and then the massive entrepot of Doganella
(Perkins and Walker, 1990) precisely on the XTENT boundary.
Further north, the territory of Vetulonia has overtaken
the territory of Roselle. In historical reality, the centre of
Vetulonia went into decline and Roselle took over the more
prominent role in the local area. This is the one instance
where the results of XTENT clearly contravene the patterns of
historical development, because the general patterns of spacing of
primate centres are also contravened in this case. Local political
conditions led to the changed concentration of power in these
two centres. One contributing reason may be the importance
of lagoonal areas and of the local river (Ombrone) in the
development of Roselle and its communications with the interior.
These are factors not considered in the present analysis. Another
interesting prediction lies in the penetration of Populonia’s power
up the coast of Etruria into the Cecina valley (exploiting the low
relief up the coast) and threatening Volterra’s access to the sea.
This is clearly another buffer area of unstable political centres,
particularly during the Orientalizing period in an area which has
been subject to recent field research (Terrenato, 1992; Regoli and
Terrenato, 2000).
In the inland area of Etruria, three political territories and
one upland area from south to north, Acquarossa, Bisenzio,
Monte Amiata, and Murlo form a buffer zone between the
coastal states and the inland states. Interestingly this buffer strip
converges and overlaps with the line of volcanic lakes Bracciano,
Vico, Bolsena that straddle the political boundaries to the south
and, at a smaller scale, are also associated with small boundary
centres such as Grotte di Castro. Behind this screen of political
centres threatened by larger neighbours, there is the final large
scale territory of Orvieto. Only this centre, straddling the river
valley to the north, has the same scale of territory as some
of the territories of its coastal rivals. This centre is crucial in
providing the corresponding political pressure on Bisenzio and
Acquarossa which went into decline and were replaced by the
formal ritualization of political boundaries (Riva and Stoddart,
1996; Zifferero, 2002) once these centres had been absorbed into
the larger territories.
Murlo to the north is a more controversial centre (Phillips,
1970; Cristofani, 1975; Torelli, 1983; Stoddart, 1995), in part
because of the particular methodology of its exploration, in part
because of a smaller scale of political operation. Recent work
has shown that the centre, extensively explored as a source of
material culture (Phillips, 1970, 1993; Phillips and Talocchini,
1980; Tuck et al., 2006; Shipley, 2017), did not operate in
isolation (Campana, 2001) and was part of a small scale local
network of sites (incorporated in the analysis below). This centre
was also on a sensitive political boundary that stretched north
to Castelnuovo di Berardenga (Mangani, 1985) and south to
Poggio Civitella (Donati and Ceccarelli, 2002). The status of this
boundary changed from a string of independent political entities
(in the Orientalizing and Archaic) to a series of fortified sites
between major political states (in the Hellenistic period); this
phenomenon is best indicated by the changed role of Poggio
Civitella to the south from small settlement to fortress, but also by
the foundation of other fortified sites in the north Chianti region
(Becker, 2002, 2008) that replaced sites such as Castelnuovo
di Berardenga.
A series of sites—Chiusi, Cortona, Arezzo, and Fiesole—
occupied the communication route up the Chiana river and
extended along the Arno river reaching, after a further phase
of political expansion, to Fiesole which in turn guarded access
through the Apennines to the Po valley by means of the Mugello.
The newly discovered Etruscan site at Gonfienti (Poggesi et al.,
2005) appears to be yet another short-lived “boundary” site in
succession to earlier centres at Artimino and Quinto Fiorentino.
Although there is some recent discussion over the size of Chiusi
(Cappuccini, 2010), which shows signs of expansion under the
current reconstruction, all these centres were relatively small
compared with the centres to the south and west. A combination
of dense packing in the available space and size has led to a
distinctively different arrangement of territories. To the east, a
prominent landscape feature, the lake of Trasimene, again acted
as a frontier. In this case, the lake was bisected by the boundaries
of three states which underwent a comparable transition towards
ritualization in the later phases (Paolucci, 2002). Perugia,
the frontier Etruscan city (Ceccarelli and Stoddart, in press),
supported by its greater demographic weight, and facilitated by
the morphology of the Valle Umbra, projected east with a slightly
larger territory, surrounded by smaller “Umbrian” neighbours.
To the north and east, the Apennines provided a distinct physical
boundary nicely emphasized by XTENT. In the south of Umbria,
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FIGURE 4 | Histograms of site size frequency for Etruria by period. (A) All sites in the Iron Age and Orientalizing. (B) Iron Age and Orientalizing sites measuring 0–50
hectares. (C) Iron Age and Orientalizing sites measuring 50–200 hectares. (D) All sites in the Archaic Period. (E) Archaic sites measuring 0–50 hectares. (F) Archaic
sites measuring 50–200 hectares. (G) All Post-Archaic sites. (H) Post-Archaic sites measuring 0–50 hectares. (I) Post-Archaic sites measuring 50–200 hectares.
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FIGURE 5 | Histograms of settlement size for each city territory for the Archaic period. (A) Volterra, (B) Fiesole, (C) Murlo, (D) Populonia, (E) Vetulonia, (F) Chiusi, (G)
Vulci, (H) Acquarossa, (I) Orvieto, (J) Tarquinia, (K) Cerveteri, (L) Veio.
Frontiers in Digital Humanities | www.frontiersin.org 11 September 2020 | Volume 7 | Article 1
Stoddart et al. Patterns of Etruscan Urbanism
there appears to be a political vacuum which would be occupied
by Terni were it to be included in the analysis. The inclusion of
Terni and Amelia, as well as other smaller centres, would also
block the advance of Veio into this area predicted by XTENT
without their inclusion.
Settlement Hierarchy From Simple Site
Size Histograms
The next step has been to provide simple presentational statistics
of the site size frequency for the whole of Etruria combining
the primate centres (from XTENT) and rural farmsteads (from
the systematic surveys) (Figure 4). The results show the contrast
between the profusion of small rural settlement and the small
number of larger centres, already suggesting substantial primacy
and regional centralization in the configuration of urbanism.
The subsequent step is to show the same data (where size
data have been collected) for each of the territories (Figure 5).
These generally confirm the dominance of the primate centres
during the Archaic period, which then evolved into full-scale
urbanized societies. This analysis also shows that some of the
data sets (Fiesole, Vetulonia, Orvieto, Tarquinia, and Veio) have
potentially different administrative levels, adding an element of
variation in the relationship between different cities and their
rural populations. It must be noted these data sets conceal
differences in data quality. One particular issue we will discuss
TABLE 1 | Summary of central tendency and dispersion of settlements size (ha) in Etruria.
Period No. sites Minimum site size 1st quartile Median Mean 3rd quartile St. dev. Maximum site size
Iron Age 549 0.01 0.1 0.2 3.72 1 17.02 185
Archaic 1,248 0.01 0.07 0.1 1.93 0.5 11.49 185
Post-Archaic 914 0.01 0.1 0.2 2.47 0.5 13.37 185
The data from the Tiber Valley Project have not been included (total number of sites: 539) because they do not provide the estimated size of sites.
FIGURE 6 | Rank size in Etruria. (A) All sites in the Iron Age and Orientalizing. (B) All sites in the Archaic period. (C) All sites in the Post-Archaic Period. (D) All sites
larger than 0.5 ha. in the Iron Age and Orientalizing. (E) All sites larger than 0.5 ha. in the Archaic period. (F) All sites larger than 0.5 ha. in the Post-Archaic period. The
dark line represents the observed data. The grey lines represent the bootstrap results performed on random samples of sites.
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later is that, whereasmany of these territories have relatively good
rural data sets and relatively good evidence for the size of the
primate centre, the centres of intermediate size are not always
captured within the survey area. Notably, we will return to the
case of Chiusi later, where this problem is most critical.
Settlement Hierarchy Derived From
Rank-Size Analysis
Table 1 provides a picture for Etruria of the central tendency
and dispersion of settlements size (ha) in each period. We can
see that the inter-quartile ranges (the 50% of values between the
3rd and the 1st quartiles values, that is between 0.07 and 0.5 ha)
and the median between the Archaic and Post-Archaic periods
differ only minimally, as confirmed by a Whitney–Wilcoxon
test (p = 0.95). On the other hand, the interquartile range,
and the mean between the Iron Age and the other two periods
suggest general differences in settlement size distributions, as also
confirmed by a Whitney-Wilcoxon test (p < 0.01). A notable
difference in the Archaic period is the considerable increase in
smaller rural settlement leading to the lower mean and a smaller
standard deviation of site size. As a general trend, there was
clearly more management of the countryside from within these
smaller settlements.
Figures 6A–C shows rank-size analyses by using all the sites
for each period. At a first glance, the size distributions appear
similarly convex. The calculation of A-coefficients (Tables 2A–C)
and the 95% confidence error ranges from the bootstrap method
tell us that the rank-size curve is convex (Tables 2A–C). We
can thus say confidently that the pattern is convex. As an extra
precaution, since the rank-size in Figures 6A–C has a lower
tail of very few settlements with size approximately equal to
0.1–0.01, the results might be distorted. Conventionally, urban
geographers use the first 50/100 ranked sizes in a given area
in order to avoid this “lower tail effect” (Hodder and Orton,
1976; Cristelli et al., 2012). For this reason, the analysis has
been repeated for sites larger than 0.5 ha (Figures 6D–F). This
provides better results and also avoids the distortion provided by
a too skewed distribution arising out of very small sites. In this
second scenario, the results show a more marked convex pattern
(Tables 2D–F). On this basis, the results show convex curves in
all the three periods. These results indicate that there was little
political and economic integration among different competing
city-states in Etruria between 1,000 and 350 BC. Literary evidence
is not necessary to establish the differentiated political structure,
since the convex curve of the rank-size provides convincing
independent evidence on quantitative grounds.
After performing the above analysis on the whole of Etruria,
we employ the XTENT model-defined territories in order to
break down the study area into smaller political windows of
analysis to investigate how settlement size distributions changed
at the local scale. For this reason, we performed rank-size analyses
for each XTENT model defined territories during the Iron
Age/Orientalizing, Archaic and Post-Archaic periods. However,
we were unable to run the analyses in all the territories because
some of them do not contain sufficient data of both higher order
settlement and rural settlement given the patchiness of the spatial
coverage granted by the archaeological surveys carried out to date
TABLE 2 | A-coefficient values and bootstrapped error ranges for log scale
rank-size curves in Etruria during the Iron Age/Orientalizing (Figures 6A,D),
Archaic (Figures 6B,E), and Post-Archaic periods (Figures 6C,F).
Letter in
Figure 6
No. sites Observed
A-coefficient
Error range
(95%
confidence)
Curve
shape
Scenario 1 (all
sites)
A
549 0.06 (0.16–0.10)
(A1-A2)
0.24 (0.01–0.25) Convex
B 1,248 0.09 (0.14–0.05)
(A1-A2)
0.19 (0.01–0.20) Convex
C 914 0.08 (0.15–0.07)
(A1-A2)
0.18 (0.03–0.21) Convex
Scenario 2
(sites >0.5 ha)
D
171 0.23 (0.24–0.01)
(A1-A2)
0.25 (0.07–0.32) Convex
E 256 0.22 (0.24–0.03)
(A1-A2)
0.20 (0.13–0.33) Convex
F 227 0.22 (0.23–0.01)
(A1-A2)
0.21 (0.10–0.31) Convex
(or made available in open access, see Appendix A) in Etruria
(see Figure 1B).
The rank-size analyses performed for the XTENT-defined
territories during the Iron Age/Orientalizing period (ca.
1,020/1,000–580 BC) show strong primate patterns (Figure 7)
and both the observed A-coefficients and the 95% confidence
intervals show negative values (A2) exceeding −1, indicating
that more than one observed settlements are smaller than the
expected smallest settlement predicted by the Zipf ’s Law (see
Table 3). Nevertheless, the results concerning Civita Castellana
(Figure 7L) should be interpreted more cautiously given that
their corresponding 95% confidence interval comprises also
positive values which may indicate the possibility of a convex
settlement pattern (see Table 3L).
The rank-size analyses performed for the XTENT-defined
territories during the Archaic Period (ca. 580–480 BC) show
similar strong primate patterns to the ones detected in the
earlier periods (Figure 8 and Table 4). In this scenario, Fiesole
(Figure 8B) and Acquarossa (Figure 8H) show patterns not
as significantly primate, as suggested by the positive values
in the 95% confidence interval (Tables 4B,H). Furthermore,
the territory of Orvieto shows a primo-convex distribution
(Figure 8I) with the overall A-coefficient (−0.51) resulting as the
difference between the positive A1 values of the convex curve
and the negative A2 values of the primate curve (Table 4I). The
95% confidence error range for A1 (0–0.37) and A2 (−0.22 to
−0.95) indicates that the rank-size curve is significantly primo-
convex (Table 4I). Finally, during the Post-Archaic period almost
the totality of the XTENT defined territories show a strong
primate pattern (see Figure 9 and Table 5) with the exception of
Orvieto that is resilient with its primo-convex settlement system
(Figure 9G and Table 5G).
Overall, it seems that in Etruria most XTENT-defined
territories show a high settlement primacy from the early
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FIGURE 7 | Rank size for the territories of Iron Age/Orientalizing centres with sufficient data points. (A) Volterra, (B) Populonia, (C) Murlo, (D) Vetulonia, (E) Vulci, (F)
Bisenzio, (G) Acquarossa, (H) Orvieto, (I) Tarquinia, (J) Cerveteri, (K) Veio, (L) Civita Castellana. The dark line represents the observed data. The grey lines represent
the bootstrap results performed on random samples of sites.
Iron Age to the Hellenistic period, which is typical of city-
states (see Figure 2). We can conclude that first millennium
BC and pre-Roman Etruria was marked by a fragmented
landscape of politically independent and competing polities,
in which each exerted a strong centralized form of control
within its own territory. It is also significant to note that even
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TABLE 3 | A-coefficient values and bootstrapped error ranges for log scale rank-size curves of the XTENT-defined territories in Etruria in the Iron Age/Orientalizing.
Letter in
Figure 7
Territory No. sites Area Km sq. Largest site
(approx. ha)
Observed
A-coefficient
Error range (95%
confidence)
Curve shape
A Volterra 19 1,492 100 −1.92 2.42 (−3.04 to −0.62) Primate
B Populonia 38 972 150 −1.39 2.12 (−2.27 to −0.15) Primate
C Murlo 24 77.9 10 −2.19 2.40 (−3.21 to −0.81) Primate
D Vetulonia 35 1,051 100 −1.43 2.18 (−2.31 to −0.13) Primate
E Vulci 63 1,052 126 −1.50 2.04 (−2.36 to −0.32) Primate
F Bisenzio 17 408 35 −1.11 1.91 (−1.87 to 0.04) Primate
G Acquarossa 7 348 30 −1.29 2.44 (−2.54 to −0.10) Primate
H Orvieto 8 830 85 −1.77 2.43 (−2.90 to −0.47) Primate
I Tarquinia 107 959 150 −0.71 1.06 (−1.18 to −0.12) Primate
J Cerveteri 57 784 160 −1.80 2.40 (−2.77 to −0.37) Primate
K Veio 21 1,187 185 −1.77 2.12 (−2.81 to −0.69) Primate
L Civita Castellana 7 214 26 −0.69 2.14 (−1.92 to 0.22) Primate or convex
the smaller, “delicate” centres that existed in the interstices
between the larger urban centres for the most part had a similar
primate organization.
These results, taken at face value, whilst all primate, show
the considerable variability in the relationship between different
Etruscan cities and their countrysides. In early cultural research,
scholars had pointed out the considerable variation in the
cultural identity of Etruscan cities (Stoddart, 2020a). Many
later scholars (Haynes, 2000; Pacciarelli, 2000; Bartoloni, 2003;
Riva, 2010; Gliwitzky, 2015; Bell and Carpino, 2016; Naso,
2017; Shipley, 2017; Smith and Lulof, 2017) have built on the
recognition of this fact, but it was Banti (1960) who was the
first to express this effectively and succinctly. Earlier spatial
work (Redhouse and Stoddart, 2011), using XTENT as outlined
above, has concluded that the territorial size of each city varied
considerably as a response to their geopolitical position. More
recent research has shown the differing densities and disposition
of medium-sized centres around the primate centres (Stoddart,
2016, 2020b). The systematic inclusion of rural settlement
reinforces this interpretation. The density of rural settlement
in the surrounds of the Etruscan cities varied from the high
density in an area like Cerveteri to the very low density in
an area like Perugia, with substantial variation in the spatially
intervening centres.
The rank size data reveal similarly variable patterns. The main
cities are substantially primate in their profile, whereas those on
the margins and in the weaker buffer zones (e.g., Bisenzio and
Civita Castellana in the Iron Age; Acquarossa in the Archaic;
and Orvieto on the margins of the main Etruscan distribution
in the Archaic and Post-Archaic period) tend to have a primo
convex profile, suggesting a different relationship between centre
and territory.
There is also a considerable range in the degree of
centralization as measured by the A-coefficient. Veio was
the most expansionist of urban centres, starting as a highly
primate centre (−1.77; Table 3K) that extracted population
from its hinterland (Ceccarelli and Stoddart, 2007), thereafter
moving toward a less strong primacy as its territory expanded
(−0.73 and −0.58; Tables 4L, 5J). Cerveteri (−1.8; −1.08;
−1.43; see Tables 3–5), its closest neighbour to the south
east, had a territory hedged not only by the sea but by
the powerful neighbours Tarquinia and Veio. This led to a
notably more primate profile, where population was much
more gathered within the precincts of the city and where
perhaps the outlook was even more than Tarquinia toward
the sea. This profile also fluctuated through time. The degree
of centralization of buffer settlements, defined as those that
do not survive the full sequence into the third phase (Civita
Castellana, Bisenzio, Acquarossa, and Murlo), shows a much
greater variability (−0.69 to −2.19), suggesting a wide gamut
of strategies to survive in the political clutches of larger
urban entities.
Regional Centralization
We measured local regional centralization for three urban
centres providing robust settlement data from quite intensive
archaeological surveys: Cerveteri, Murlo, and Tuscania.
Figure 10 shows 10 concentric rings radiating out from these
three urban centres and the graphed proportions of the total
estimated settlement size within each ring (or “donut”). Cerveteri
and Murlo show that most of the population concentrates in
the innermost ring, while the successive rings (from the second
onwards) show very low proportions of values (see Tables 6–10).
Above all during the Iron Age and Post-Archaic period almost
the total population is concentrated in the innermost ring
(Tables 6, 8, 9). The high lines on the left side of the graph
and the B-coefficient values ranging from 0.70 to 0.94 indicate
that Murlo and Cerveteri exerted a high centralized control
over the farming communities of their immediate surrounding
hinterlands (Figures 10A,B). By contrast, Tuscania shows amore
even distribution of the population across the 10 concentric
rings. The lack of a very large urban centre superimposed on a
tier of many smaller sites is indicated by very low B-coefficient
values ranging from 0.06 to 0.24 (Figure 10C and Tables 12–14).
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FIGURE 8 | Rank size for the territories of Archaic centres with sufficient data points. (A) Volterra, (B) Fiesole, (C) Murlo, (D) Populonia, (E) Vetulonia, (F) Chiusi, (G)
Vulci, (H) Acquarossa, (I) Orvieto, (J) Tarquinia, (K) Cerveteri, (L) Veio. The dark line represents the observed data. The grey lines represent the bootstrap results
performed on random samples of sites.
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TABLE 4 | A-coefficient values and bootstrapped error ranges for log scale rank-size curves of the XTENT-defined territories in Etruria in the Archaic period.
Letter in
Figure 8
Territory No. sites Area Km sq. Largest site
(approx. ha)
Observed
A-coefficient
Error range (95%
confidence)
Curve shape
A Volterra 68 4,201 100 −1.36 1.72 (−2.12 to −0.40) Primate
B Fiesole 23 1,200 30 −1.62 2.93 (−2.42 to 0.51) Primate or convex
C Murlo 71 329 10 −1.29 1.71 (−2.03 to −0.32) Primate
D Populonia 94 1,576 150 −1.30 1.80 (−2.10 to −0.30) Primate
E Vetulonia 57 2,174 100 −1.17 1.87 (−1.83 to 0.04) Primate
F Chiusi 23 1,544 50 −2.35 2.70 (−3.39 to −0.69) Primate
G Vulci 98 1,812 126 −1.13 1.66 (−1.86 to −0.20) Primate
H Acquarossa 4 242 30 −0.92 2.04 (−1.84 to 0.20) Primate or convex
I Orvieto 25 2,086 85 −0.51 A1 = 0.37 (0.37 to 0)
A2 = 0.73 (−0.95 to −0.22)
Primo–convex
J Tarquinia 266 1,352 150 −0.44 0.90 (−0.81 to 0.09) Primate
K Cerveteri 295 801 160 −1.08 1.77 (−1.80 to −0.03) Primate
L Veio 119 1,862 185 −0.73 1.10 (−1.22 to −0.12) Primate
DISCUSSION
Data Assessment and Self-Critique
As can be seen in Figure 1B, and briefly mentioned above,
the availability of data varies across the territorial landscapes
defined by spatial coverage and intensity of the archaeological
surveys carried out in the area, providing a current limit to the
historical validity of the data. By comparison with the classic
studies of state formation in the arid areas of the Near East,
Mesoamerica, and South America (covered in Drennan et al.,
2015), where similar techniques to ours have been applied,
100% survey in the Mediterranean is much more difficult to
achieve. It will be immediately noted that data are unavailable
for the eastern Etruscan territories of Arezzo, Cortona, and
Perugia. In the first two cases, a systematic data extraction
from disparate grey literature probably would provide some
data infill for Figures 2B,C. By contrast, the lack of rural
settlement in the territory of Perugia is much closer to historical
reality and Figure 2C would be little changed if the data were
provided (Ceccarelli and Stoddart, in press). The pattern for
the Umbrian centres of Todi, Gubbio, Assisi, and Spoleto
also matches the current picture, since rural settlement was
almost completely absent in the periods under study, and
the main features of the landscape would have been upland
sanctuaries and hillforts (Stoddart and Redhouse, 2014), much
closer to the networks of Samnium found in upland areas
of central Italy. At the other extreme, the data collection for
Cerveteri is much more comprehensive because the important
south east quadrant of the territory has been subjected to
systematic survey in a largely open agricultural area immediately
adjacent to the urban centre (Enei, 2001). We can be fairly
confident that we have a representative transect extending from
the urban centre (surrounded by cemeteries) out into the
countryside and the territorial boundary, most probably marked
by sanctuaries (Riva and Stoddart, 1996). A similar confidence
can be applied to Murlo where, in spite of the difficult wooded
terrain above the river valleys, a systematic survey has been
conducted by the University of Siena (Campana, 2001). This
work provides an invaluable understanding of the territory that
is complementary to the monument focused excavation at its
centre (Phillips, 1993).
The data availability for Tarquinia, Vulci, and Chiusi lies
somewhere between these extremes. In all these cases the main
focus of survey recovery is at the limits of the territory toward
the tentatively defined frontier even though the work is generally
of high quality (Tarquinia: Quilici Gigli, 1970; Vulci: Carandini
et al., 2002; Chiusi: Paolucci and Francovich, 2007). A crucial
addition has been the acquisition of the more recent survey
of Tuscania, defined as resting in the territory of Tarquinia
by XTENT (Barker and Rasmussen, 1988). Equally crucial is
the availability of data from the important region of Veio,
gathered for many years by the British School at Rome (Patterson
et al., 2000a) and now re-analyzed (Patterson et al., 2020). This
complements the later work of Rajala (2007, 2013) around Nepi.
At an interregional scale (e.g., Judson and Hemphill, 1981; Guidi,
1985; Palmisano et al., 2017, 2018) large data sets may allow
general patterns to be detected even if there is data loss at a
local level. At a more local level, such as analysis of individual
territories, the impact of data loss and spatial skewing needs to
be taken into account since these factors can affect satisfactory
interpretation. On a selective basis we now take steps to illustrate
the detection and rectification of this loss of information.
It must be emphasized that these results at the regional level
require considerable attention to detail in order to assess political
reality. It has already been noted that the sampling for rural
settlement is sometimes poorly located within the territory and
that an unsupervised presentation of the results even of relatively
large data sets can create unexpected results. One example is
the profile of Chiusi. The results presented by the data purely
from the XTENT data and the rural survey data led to the
unexpected result discussed earlier that Chiusi is expressed as
consistently the most primate territorial organization of Etruria
during the Archaic and Post-Archaic periods (A coefficient =
−2.35 and −1.85, Tables 4F, 5E). A closer examination reveals
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FIGURE 9 | Rank size for the territories of Post-Archaic centres with sufficient data points. (A) Volterra, (B) Fiesole, (C) Populonia, (D) Vetulonia, (E) Chiusi, (F) Vulci,
(G) Orvieto, (H) Tarquinia, (I) Cerveteri, (J) Veio. The dark line represents the observed data. The grey lines represent the bootstrap results performed on random
samples of sites.
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TABLE 5 | A-coefficient values and bootstrapped error ranges for log scale rank-size curves of the XTENT-defined territories in Etruria in the Post-Archaic period.
Letter in
Figure 9
Territory No. sites Area Km sq. Largest site
(approx. ha)
Observed
A-coefficient
Error range (95%
confidence)
Curve shape
A Volterra 45 6,556 100 −1.34 1.64 (−2.08 to −0.44) Primate
B Fiesole 41 1,831 30 −1.33 1.98 (−2.05 to −0.07) Primate
C Populonia 91 2,169 150 −1.47 2.11 (−2.16 to −0.05) Primate
D Vetulonia 46 2,415 100 −1.32 1.91 (−1.86 to 0.05) Primate
E Chiusi 53 2049 50 −1.85 2.06 (−2.74 to −0.68) Primate
F Vulci 104 2,237 126 −0.92 1.27 (−1.48 to −0.21) Primate
G Orvieto 20 2,781 85 −0.49 A1 = 0.33 (0.33 to 0)
A2 = 0.91 (−1.06 to −0.15)
Primo-convex
H Tarquinia 264 1,755 150 −0.35 0.68 (−0.65 to 0.03) Primate
I Cerveteri 65 640 160 −1.43 2.06 (−2.28 to −0.22) Primate
J Veio 172 2,622 185 −0.58 0.98 (−1.02 to −0.04) Primate
FIGURE 10 | Graphs (left) and maps (right) showing the distribution of estimated settlements size across 10 concentric rings surrounding Cerveteri (A), Murlo (B), and
Tuscania (C). The rings are ordered from innermost to outermost (left to right). Veio is not included in this analysis because of the absence of robust site size data.
Murlo was not occupied in the Post-Archaic period.
that the data are composed of small rural settlements at the
limits of the territory and that there was no inclusion of
the intermediate size centres which have to be inferred from
cemeteries ringing medieval and modern settlement closer to
Chiusi (e.g., Castiglione del Lago, Città della Pieve, Cetona,
Sarteano, Montepulciano, and Chianciano).
As an illustration of the rectification of this issue, new
data for intermediate-sized settlement have been introduced for
Frontiers in Digital Humanities | www.frontiersin.org 19 September 2020 | Volume 7 | Article 1
Stoddart et al. Patterns of Etruscan Urbanism
TABLE 6 | Calculation of B-coefficient for Cerveteri in the Iron Age/Orientalizing
period.
Ring Sites
no.
Estimated
size (ha)
Estimated size
proportion (%)
Cumulative
proportion
1 1 160 95.44 95.44
2 2 0.25 0.15 95.59
3 6 1.13 0.67 96.26
4 3 0.71 0.42 96.69
5 7 0.76 0.45 97.14
6 7 0.86 0.51 97.65
7 6 1.38 0.82 98.48
8 5 1.13 0.67 99.15
9 3 0.67 0.40 99.55
10 6 0.75 0.45 100.00
Total 46 167.64 100 975.94
B-coefficient 0.94
TABLE 7 | Calculation of B-coefficient for Cerveteri in the Archaic period.
Ring Sites
no.
Estimated
size (ha)
Estimated size
proportion (%)
Cumulative
proportion
1 2 160.73 77.71 77.71
2 4 0.39 0.19 77.90
3 33 3.72 1.80 79.70
4 33 3.81 1.84 81.54
5 40 3.85 1.86 83.40
6 59 5.41 2.62 86.02
7 35 9.76 4.72 90.74
8 29 6.21 3.00 93.74
9 26 6.47 3.13 96.87
10 24 6.48 3.13 100.00
Total 285 206.83 100.00 867.60
B-coefficient 0.70
two urban centres, Chiusi and Cerveteri, drawing on Stoddart
(2020b) for informed guesstimates of some of the missing
data. For Cerveteri, the work has drawn on Guidi (1985) and
Judson and Hemphill (1981) to gauge the best response. For
Chiusi, a judicious combination of Bianchi Bandinelli (1927) and
Google Earth has been deployed to the area of likely settlement
areas associated with known cemeteries. The reworked data are
presented here for both the territories of Chiusi and Cerveteri in
the Archaic period as an illustration of the diagnostic procedures
required when employing large data sets at a local level. These
results are shown spatially (Figure 11) and as simple size classes
(Figure 12A) and as rank size (Figure 12B). Similar problems
most probably affect other territorial profiles to a less severe
degree, but the situation with Chiusi illustrates the problem
most clearly since the interpretation of political power within
the territory changes completely. Chiusi is now close to Zipfian
lognormal (Table 14) suggesting a much more balanced degree
of centralization compared with most of the other Etruscan
centres. It also has a newly deciphered stepped hierarchy of
TABLE 8 | Calculation of B-coefficient for Cerveteri in the Post-Archaic period.
Ring Sites
no.
Estimated
size (ha)
Estimated size
proportion (%)
Cumulative
proportion
1 1 160 91.15 91.15
2 1 0.1 0.06 91.21
3 2 0.52 0.30 91.50
4 6 0.41 0.23 91.74
5 7 0.89 0.51 92.24
6 13 1.67 0.95 93.20
7 6 0.79 0.45 93.65
8 12 2.29 1.30 94.95
9 11 4.95 2.82 97.77
10 11 3.91 2.23 100.00
Total 70 175.53 100 937.39
B-coefficient 0.86
TABLE 9 | Calculation of B-coefficient for Murlo in the Iron Age/Orientalizing
period.
Ring Sites
no.
Estimated
size (ha)
Estimated size
proportion (%)
Cumulative
proportion
1 3 10.2 85.86 85.86
2 8 0.57 4.80 90.66
3 5 0.05 0.43 91.09
4 3 0.06 0.51 91.59
5 5 0.64 5.40 96.99
6 1 0.01 0.10 97.09
7 1 0.3 2.54 99.63
8 3 0.03 0.20 99.83
9 2 0.02 0.17 100.00
10 0 0 0.00 100.00
Total 31 11.88 100 952.75
B-coefficient 0.89
settlement (Figure 12Ba), raising questions of the relationship
between Zipfian patterns and Christaller’s (1933) ideal models.
Cerveteri, by contrast, retains its status as a very powerful place
distant in size from the next largest settlement (Figure 12Bb).
Other problems can arise from boundary problems and
system closure. In circumstances wheremore than one settlement
system is pulled into the same analysis, a convex distribution of
sizes may well result. The multi-scalar approach adopted here
with the recognition of all the more significant nucleations, both
the primate and the second-order nucleations, with boundaries
determined by the XTENT technique, goes some way toward
overcoming this potential problem.
The statistical (bootstrapping) approach taken here also
guards against problems of statistical uncertainty. Where the
simulated examples show a wide range between positive and
negative value of the coefficient A, we should be more cautious of
the interpretation. We can note that our qualitative observations
about the data for Tarquinia (good) and Chiusi (less good)
are substantiated by the statistical observations on this basis.
Frontiers in Digital Humanities | www.frontiersin.org 20 September 2020 | Volume 7 | Article 1
Stoddart et al. Patterns of Etruscan Urbanism
TABLE 10 | Calculation of B-coefficient for Murlo in the Archaic period.
Ring Sites
no.
Estimated
size (ha)
Estimated size
proportion (%)
Cumulative
proportion
1 6 10.05 78.33 78.33
2 11 0.99 7.72 86.05
3 11 0.2 1.56 87.61
4 8 0.13 1.01 88.62
5 12 0.72 5.61 94.23
6 8 0.18 1.40 95.63
7 4 0.34 2.65 98.28
8 4 0.04 0.31 98.60
9 4 0.1 0.78 99.37
10 2 0.08 0.62 100.00
Total 70 12.83 100.00 926.71
B-coefficient 0.83
TABLE 11 | Calculation of B-coefficient for Tuscania in the Iron Age/Orientalizing
period.
Ring Sites
no.
Estimated
size (ha)
Estimated size
proportion (%)
Cumulative
proportion
1 7 13.21 15.43 15.43
2 4 2.6 3.04 18.47
3 15 4.78 5.58 24.05
4 5 1.3 1.52 25.57
5 5 36.7 42.88 68.45
6 7 15.2 17.76 86.21
7 10 2 2.34 88.55
8 5 2.6 3.04 91.58
9 6 2.3 2.69 94.27
10 9 4.9 5.72 15.43
Total 73 85.59 100 612.57
B-coefficient 0.14
In both the qualitative and quantitative assessments Tarquinia
seems to be both statistically most robust and culturally clear.
By contrast, Chiusi appears to be at the other extreme with
the wide error range and to be counter intuitive to what might
be expected culturally. As a variation on this theme, Civita
Castellana, Fiesole, and Acquarossa show envelopes that cross the
log normal boundary between convexity and primacy, suggesting
another form of uncertainty (Tables 3L, 4B,H).
A further analysis was undertaken on the three most spatially
robust data sets: Cerveteri (after the enhancement above),
Tuscania (after the addition of the new data set), and Murlo.
These are very different centres (as already discussed) but share
similar qualities of data. Buffering of concentric areas moving
away from the urban centre has been able to demonstrate the
density of rural settlement (by number and area) as one moves
away from the centre of urban power (Figure 10 and Tables 6–
14). From this analysis, it appears that both the highly centralized
primate centre (Cerveteri) and the opportunistic nucleated
centre (Murlo), that ultimately failed to endure, were engaged
TABLE 12 | Calculation of B-coefficient for Tuscania in the Archaic period.
Ring Sites
no.
Estimated
size (ha)
Estimated size
proportion (%)
Cumulative
proportion
1 14 16.66 11.24 11.24
2 19 11.2 7.56 18.8
3 17 7.34 4.95 23.75
4 26 13.23 8.93 32.68
5 14 40.7 27.46 60.14
6 27 23.92 16.14 76.28
7 20 7.52 5.07 81.35
8 13 5.65 3.81 85.17
9 16 8.1 5.47 90.63
10 22 13.88 9.37 100
Total 188 148.2 100 580.04
B-coefficient 0.06
TABLE 13 | Calculation of B-coefficient for Tuscania in the Post-Archaic period.
Ring Sites
no.
Estimated
size (ha)
Estimated size
proportion (%)
Cumulative
proportion
1 14 17.2 11.98 11.98
2 28 12.83 8.94 20.92
3 37 22.42 15.62 36.54
4 34 37.25 25.95 62.49
5 22 10.22 7.12 69.6
6 20 19.4 13.51 83.12
7 18 8.43 5.87 88.99
8 6 3.1 2.16 91.15
9 12 7.4 5.15 96.31
10 9 5.3 3.69 100
Total 200 143.55 100 661.08
B-coefficient 0.24
in similarly strong strategies of centralization. By contrast,
Tuscania, a subsidiary centre, was much less strongly nucleated.
More tentatively we can assess, in four cases, the distribution
of the number of sites at increasing distance from the centre
(Figures 13, 14). These latter results are affected by the survey
sampling zones, but do reveal interesting differences in scale,
clustering, and potential buffer zones, building on initial
indications given by Rendeli (1993). These results are presented
in two forms, the first (Figure 13) normalized on a scale from
0 to 1 in order to compare profiles independent of the very
different sizes of the settlement in the three cases, the second
(Figure 14) as raw densities, which we must caution may also be
affected by the research intensity. The two primate centres show
different profiles in the normalized results. Cerveteri presents a
more concentrated profile of rural settlement (particularly before
the Post-Archaic), perhaps constrained by its smaller terrestrial
territory (Figure 13A). By contrast, Veio exhibits its expansionist
territorial ambitions by a wider distribution of rural settlement
(Figure 13D). The two smaller settlements, one subsidiary
(Tuscania), the other “delicate” (Murlo) present a much more
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TABLE 14 | A-coefficient values and bootstrapped error ranges for log scale rank-size curves of the XTENT-defined territories for updated data for Chiusi and Cerveteri in
the Archaic period. See Figure 12B for reference.
Territory No. sites Area Km sq. Largest site
(approx. ha)
Observed
A-coefficient
Error range (95%
confidence)
Curve shape
Chiusi 31 1,544 50 −0.77 (0.02 to −0.79)
(A1-A2)
1.55 (−1.32 to 0.23) Zipfian
Cerveteri 299 801 160 −0.87 1.25 (−1.40 to −0.15) Primate
FIGURE 11 | Presentation of new data for Chiusi (f) and Cerveteri (k) in spatial form.
locally clustered profile, particularly if one bears in mind that
Murlo itself did not exist in the Post-Archaic (Figures 13B,C).
This profiling is supplemented by the evidence for the absolute
density of settlement around these centres (Figure 14). These
show the greatest density around the subsidiary centre of
Tuscania, followed in turn by Cerveteri and Murlo, whereas
Veio generally has the lightest density, compensated by its
greater extension of higher density away from the urban centre.
However, this picture is biased by the research intensity of the
archaeological surveys carried out in the region. Unlike in the
case of the other three centres, the area around Tuscania was
intensively surveyed by using field-walking transects (cf. Barker
and Rasmussen, 1988). Cerveteri and Veio have a halo of low
density of rural settlement close to the urban centres perhaps
partly occupied by cemeteries. In the case of Cerveteri, this takes
the form of a denser band in the Archaic period at a distance
between 3 and 6 km from the urban centre (Figures 14A,D).
Although not covered in these diagrams, this is also the place to
note the very low levels of density of Etruscan rural settlement in
intensively surveyed areas such as the Cecina valley, at the limits
of some northern Etruscan urban territories.
Finally, we performed a multi-scalar spatial statistics
technique known as Ripley’ K function to assess if the major 25
urban centres of Etruria were spatially clustered or segregated
(see Ripley, 1976). We used Monte Carlo simulations of random
point distributions to build a 95 per cent confidence envelope
of the null hypothesis of complete spatial randomness (CSR) by
carrying out 1,000 iterations (Bevan and Conolly, 2006, p. 220;
Palmisano, 2013, p. 351). These estimates were then compared
with the observed values of K (L) in order to obtain a statistically
robust measure of a clustered or even point distribution in
our study area (Figure 15). Sites are clustered when the solid
line is above the grey envelope and evenly distributed when
the line is below the grey envelope. From this analysis, it
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FIGURE 12 | (A) Presentation of new data for Chiusi (a) and Cerveteri (b) as
histograms of site size frequency. (B) Presentation of new data for Chiusi (a)
and Cerveteri (b) as Rank Size.
can be seen that the major centres are evenly distributed at a
radial distance between 15 and 30 km. This would confirm the
idealized pictures provided about the radius of 15–30 km of city–
states (e.g., Hansen, 2000) and also informs us that the major
centres shared the space evenly and established well-defined
individual catchments, probably on the basis of land holdings,
subsistence strategies, and local political identity. This analysis
shows the general trends of Etruria at a supra-regional scale
compared with the detailed variation shown by XTENT at the
local/regional scale.
From Large Data to Urban Anthropology
These results point to the general processes of expanding
territories from their centres and yet multiple local origins and
outcomes in the development of Etruscan urbanism (Stoddart,
2018). We know enough of the economic infrastructure to
establish the importance of a number of common factors. The
first is the Mediterranean polyculture of cereals, vine and olive.
The annual cycle of grain agriculture had been present for five
millennia, but the longer term care of tree crops necessitated a
protection of the landscape that tied in well with urbanism in
more ways than simply providing a potable component for the
feast (Stoddart et al., 2019). It required protection of a perennial
resource close to the urban centre. The landscape was not opened
up as much as in the Roman period, but pollen studies show
that, at least at a local level, the vegetation was manipulated
not only to provide cereal and tree crops, but also grazing for
sheep, cattle, and pigs (Stoddart et al., 2019). In the area around
the city of Veio, watercourses were manipulated to ensure the
provision of sufficient water for crops, and many cities show the
construction of wells and drainage systems to maintain a high
living standard (Judson and Kahane, 1963). Some cities such as
Veio in the south and probably Chiusi in the north specialized
in agricultural production. Other cities, such as Populonia in the
north, located close to the ore-bearing hills ranging toward Elba,
specialized in iron production. Further cities, notably the coastal
city of Cerveteri to the south, focused on trading activity. These
essential developments enabled the foundation and maintenance
of the stable nucleated centres, lasting very many generations, in
contrast with a number of other contemporaneous civilizations,
and yet setting up essential variations between them in the
organization of their territories.
As we have seen from the XTENT analysis, there was one
Etruscan city which could have created a different classical
history: Veio, the most southerly Etruscan city. If it had defeated
Rome, it is conceivable that a Veian empire would have come
down to us today as the contemporary rival to the Han Empire
of China, not the Roman empire every European citizen knows.
If history had been different, we would have had an Etruscan
historiography, that no doubt would have made disparaging
comments about the defeated Romans, that would have given us
a detailed mythological genealogy of Etruscan city foundations
similar to Romulus and Remus, that would have outlined in some
detail the great families through time (the descent groups of
anthropology) and the politics of the time. It is no accident that
these two rival cities, Veio and Rome, Etruscan and Latin, faced
each other across the Tiber, displaced from the spatial centre of
their respective cultures. Since each was dominant in its own
political world, one was likely to prevail.
At the risk of social determinism, there was little risk
of such an Etruscan empire. The reason lies in another
account of Etruscan origins. This account derives from the
specific nature of the political decision to move from a
village society to one of nucleation or urbanism. This decision
took place almost simultaneously between 1,000 and 900 BC
in all five major cities—Veio, Orvieto, Cerveteri, Tarquinia,
and Vulci—of Southern Etruria. We have seen it played
out in the political landscape discussed above. The outcome
was a relative equilibrium of like-sized and like-politicized
communities (Figures 2, 15), where an internal tension existed
between descent groups and community and an external
tension between the urban communities themselves. But for
the presence of Rome, Veio might have surfaced pre-eminent
from this dynamic equilibrium; however the sack of Veio in
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FIGURE 13 | Normalized sites density at increasing distance (concentric rings) from Cerveteri (A), Murlo (B), Tuscania (C), and Veio (D). Murlo was not occupied in
the Post-Archaic period.
396 BC (according to the Romans) truncated this potential.
The more probable outcome, even in the absence of Rome,
would have been a long-standing rivalry between equally
ranked cities, where no individual city was able to overcome
its equally large neighbour. This is a pattern imprinted on
the political landscape, as we have seen earlier in the paper
(compare also discussion in Fulminante and Stoddart, 2013;
Fulminante et al., 2017; Prignano et al., 2019; Fulminante, in
press).
Some Etruscan origins were, however, unsuccessful, even
before the intervention of Rome. The powerful stable centres
outlined above had empty frontier zones at the edges of their
territories that gave opportunity to other political origins.
In these zones, particularly during the Orientalizing period,
independently minded groups experimented with their own
political organization, to varying degrees of success. This
dynamic pattern had substantial similarity to the patterns
of state formation noted in Africa by Kopytoff (1989), a
process that he defined as the internal frontier. The dramatic
image of a weather map where highs are surrounded by
troughs offered opportunities for the discontented, those
inflicted with witchcraft, to develop their own independent
political opportunism. The political landscape of Etruria was
anchored to the powerful places, but, with varying degrees of
success, other centres attempted to forge their own political
presence. Three zones can be identified where origins were
failures at different scales. In the south, two relatively large
centres, Bisenzio and Acquarossa, sheltered by a series of
volcanic lakes, managed to maintain themselves for several
centuries before they were squeezed out of existence by their
even more powerful neighbours: Veio, Cerveteri, Orvieto, and
Tarquinia. At the juncture between North and South Etruria,
the Albegna valley system beyond the easy reach of Vetulonia
to the north and Vulci to the south gave opportunity to
two centres which followed one another in turn: Marsiliana
in the eighth and seventh century and Doganella in the
sixth century BC. Their origins were too unstable to prevail
against the greater power of their neighbours or against Rome.
Finally, in the Chianti zone of North Etruria, Murlo, and
Castelnuovo Berardenga were small nucleated centres of great
flamboyance, but destroyed, in the case of Murlo, on at least
two occasions. In this latter case the origins of the Etruscans
in the interstices between more powerful cities was fleeting
and temporary.
As viewed from a perspective of modern social anthropology,
origins are related to the construction of an identity at any
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FIGURE 14 | Sites density at increasing distance (concentric rings) from Cerveteri (A), Murlo (B), Tuscania (C), and Veio (D). Murlo was not occupied in the
Post-Archaic period.
given moment in time. What the Etruscans themselves saw as
their own origins is one substantive answer to the question of
where they came from. An understanding of this approach is
restricted by the lack of their own literature to frame exactly their
response, although many constructive attempts have been made
from their visual culture. What archaeologists can reconstruct as
an economic and political sequence is another valid approach
and this is what this paper has achieved for the political
landscape. Here scholars are on much stronger ground as new
research on the individual cities and territories has become more
sophisticated, filling previous gaps in research. A synthesis can
draw on both approaches, since they form two perspectives
of the same picture. Thus, it is clear that every city had its
own individual identity, differing in economic specialization,
funerary practice, degree of centralization, and territorial control.
More tentatively from sources that include iconography, we can
establish that each of these cities had their own mythological
account, sometimes drawing on local legitimization, in the form
of figures such as Tarchon for Tarquinia, sometimes drawing on
exotic ambiguous figures such as Ajax, whose exploits Etruscans
claimed from an external world. Language and, to a certain
extent ritual, point to a wider cultural unity, but in a secondary
sense. Late Etruscan accounts project a suspiciously detailed
self-professed understanding of their construction of time that
ranged from the organization of 8-day weeks into 8-month years
and 10 saecula that started in 1,201 BC and continued until 83
BC (following the scheme of Pfiffig, 1975). Such detail was only
possible, once they were part of the Roman world which offered
their elite better opportunities.
CONCLUSION
This paper has combined multiple approaches of spatial
analysis to investigate patterns of urbanism focussed in a sub-
region, Etruria, and a sub-period, the central section of the
first millennium BC. The approach we have employed is an
amplification, improvement, and complementary extension of
past work (Stoddart, 1987, 2016, 2020a,b). The innovation here
has been to use a large dataset of rural settlement (Table 1)
from Palmisano et al. (2017, 2018) and four further unpublished
data sets to explore the spatial characteristics of Etruscan
urbanism in a more comprehensive, systematic, quantitative,
and questioning way than has been possible hitherto, to add to
the focus of previous authors (e.g., Rendeli, 1993) on urbanism
processes as manifested by the evidently powerful places of urban
inhabitation. We can write about many origins of the Etruscans.
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FIGURE 15 | Multi-scalar point pattern analysis of the 25 major centres to assess clustering or evenness of spatial distribution. The black solid line describes the
observed patterns. The grey envelope represents randomly generated points with a 95% confidence interval. The red dotted curve indicates the theoretical complete
spatial randomness.
Each of the large urban communities clearly had a profound
sense of its origin which was also politically orchestrated through
religion and sense of place, and space. There were many powerful
places and thus many origins, some of which emasculated the
origins and indeed existence of smaller places. The greatest
place was ultimately and historically Rome, which produced
its own annalistic account of its own and others’ origins.
These others included the Etruscans who were classified by the
Romans as military rivals, pre-occupied with religion, overly
fat, and characterised by powerful women. Nevertheless, by
concentrating on the landscape dimension of Etruscan urbanism,
we hope that this study can also contribute usefully to wider
discussions of the archaeology of early urbanism, moving beyond
the “Mediterraneanmyopia” that someNewWorld Scholars (e.g.,
Blanton, 2001) have suggested to be present in the local tradition
of research.
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APPENDIX A: REPRODUCIBILITY AND
SUPPLEMENTARY DATA
The raw dataset and the supplementary materials used in
the present article have been deposited on the free accessible
online repository Zenodo: https://zenodo.org/record/3735665.
The digital archive related to this paper provides reproducible
analysis in the form of six scripts written in R statistical
computing language. The present repository contains also a
R Markdown tutorial to drive step by step any practitioner
interested in running some analytical tools to assess regional
centralization and settlement hierarchies: site-size histograms,
rank-size graphs, A-coefficient, and B-coefficient.
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